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PREFACE TO THE FURST EDITION 


My paper, A New Classical Theory of the Photon and the 
Electron was published in Vol. NIL, 6 of the Риоскк- 
DINGS OF тив Narıoxan. Ixerrrerk or Sciexcks or Ixpt in 
August, 1946; a short summary had b published in 
Senes axp Correre of January, 1946. gh prints w 
widely distributed physici learned 
societies and the sei journals of Indin, nd 
America with an open invitation fi and specifie 
criticism, the response was disappoi ourteous 
acknowledgments we ed but no criticism, consteuc- 
tive or destructive. 












































In the present booklet, the objections to the current. 
theories have been explained in greater detail, supported by 
extensive quotations from well-known authorities, and the 
main thosis itself hax been expounded more fully. It has 
been my endeavour to present the case against the existing 
theories and formulate the new theo in as readable a 
form ns possible. The mathematics is fairly simple and 
will, it is hoped, be intelligible even to those physicists 
whose mathematical equipment may not be high. 














Tt may be stated here that the thesis has no conflict. 
Quantum Mechanies regarded a statistical point. 
view, though there is a certain amount of divergence. 
if the present theory be accepted. Quantum 
will not have to be serapped, but will have to be 





vi PREFACE TO THE FIRST EDITION 


T shall feel grateful for any comment or criticism which 
may be offered. Any exoression of approval or suggestion 
for improvement will be doubly welcome. In any caso, it 
behoves the Quantum pliysicists to meet the criticisms 
levelled agninst them. ‘Truth is not served by ignoring 
eritieism. T trust, however, that argument of the type 
*“ Fifty thousand Frenchmen cannot be wrong " will not 
be brought forward. either explicitly or by implication. 


12, Bartyorsog Cicer Reap, B. М. SEN 
Cweerras, 13th June, 1947. 








PREFACE TO THE SECOND EDITION 


"Тик reception to the booklet has not been enthusiastie— 
not that there was any fault or defect found in the m 
arguments, Requests for comments and criticisms to 
Physicists and seientifie periodicals excited no response. 
But mere shaking of the head however is not criticism. 
Only one defect was pointed by the Editor of a well known 
journal, vis., the assumption of the invariance of the 
electromagnetic vector under Lorentz transformation, while 
the invariance of the Maxwell equations wax the proposition 
proved. But when the Incuna was filled in a subsequent 
paper, the journal refused its publication as unsuitable! 
"The fact is that those who would be judges are themselves 
deeply committed to the current theory. Naturally they 
are loath to accept the challenge and enter into arguments. 
One sympathetic physicist offered the consolation that 
Mendel's work was recognised fifty years after his death! 
The only gesture of encouragement which is gratefully 
acknowledged came from a mathematician, Prof. Birkhoff 
who as Chairman of the International Congress of Mathe- 
matieiuns at Harvard in 1950, recommended my name for a 
special invitation. But the invitations had gone out and 
there was no vacant place. I received also invitations 
from the International Congress of Mathematicians nt 
Amsterdam in 1954, and from the Seminars for Theoretical 
in Aachen, Heidelberg. Cambridge and the 
College, London. I think the authorities for 



































PREFACK TO THE SECOND EDITION 





In the circumstances, all that I can do is to embody 
the results obtained and leave the matter to the judgment 
of posterity. My three objections to the Einstein principle 
We=hv which is the basis of modern physics are still 
unanswered, They are: 


(i) a divisible beam with an indivisible quantum of 
energy is a contradiction in terms, (ii) the theory that 
light behaves as a particle or a wave just to suit experi- 
mental needs, introduces the supernatural in the domain 
of natural philosophy, (iil) the existence of the continuous 
spectrum implies infinite radiated energy. These are 
logical ets and until they are answered, modern Physics 
can only be regarded ns rical, all its successes 
notwithstanding. The supposed verification of any theory 
is not always n reliabl on of its truth as has been 
^s prophecy of the positron and 
Yukawn's of the meson. The scope of modern experimental 
Phiysies is so vast that it is а very complicated jigsaw 
puzzle to formulate a theory to fit all known facts, 

In this edition the booklet has been revised and in 
places, the arguments amended. Once again I invite 
comments and criticisms. 
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proved in the ease of Dir 
















12, Batterson Сшегїли Roan, B.M. SEN 
Caravrra—19, 
7th May, 1958 
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THEORIES OF LIGHT—HISTORICAL AND CRITICAL. 


Т. The various theories of light—the elastic solid theory 
of Fresnel and Young. the electromagnetic theory of 
Maxwell, the quantum theory of Planck and Einstein and 
the wave theory of Schrodinger, Hi and Dirac— 
have one characteristic i i v all emphasise 
their successes and pass lightly over their difficulties. Like 

* egg. they all good in parts. 
| "To get a clear concept of their failures and difficulties it is 
| necessary to recount them with special emphasis. This 
















the proverbial cura 











is а necessary preliminary before the formulation of the 
successful theory. 


When a theory does not explain, or if it runs counter 
to, facts of expe at, the usual practice in the seientifie ` 
world is, or at least ought to be, to the theory jn 
suspense until such difficulties are cleared. When any 
theory contradicts a generally accepted principle, the only 
logical procedure is to give up either the theory or the 
- prineiple. But in present day physies, all the theories 
‚are accepted, each reigning supreme in its own limited 
“sphere though contradicting the others in fundamentals. 
‘offorts at co-ordination have had no marked success. 
correspondence principle, seeking to bridge the gulf 
| the classical theory and the quantum theory, 






















2 LIGHT AND MATTER 


accepting the former when convenient and rejecting it in 
other cases, without reconciling the fundamental concepts, 
has added to the confusion of the entire position. Modern 
physics has very conveniently forgotten the fundamental 
principle of logie that no theory may be half right and half 
wrong. There are no tight compartments in the brain for 
different physical theorie 

2. As is well known, the elastic solid theory is 
eminently successful in the region of Physical Optics, 
though the fundamental assumption about the nature of 
production of light waves, viz., vibration of electrons in an 
clastic solid medium dragging the jelly-like material after 
themselves, has long been given up. The facts of Geo- 
metrical Optics, reflection and refraction, are explained 
by any wave theory and those of Physical Optics—polarisn- 
tion, interference and diffraetion—are all explained simply 
and apparently conclusively by the elastic solid theory. 

It put itself into a practically impregnable position for 
those times (the end of the eighteenth century) by 
discovering and explaining diffraction and thus overcoming 
Newton's objection that waves must be capable of bending 
round straight edges, which apparently light waves cannot — 
do. 

But the theory fails abjectly when the energy of such 
waves is considered. For interference, it is essential that 
the same single beam must be divided into two components 2 
which are made to recombine after one of them has beon 
retarded by half a wave-length. It is matter of common 


a ир ч шыгыу 
“But the energy of а beam, 
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elastic solid theory, is proportional to the square of the 
amplitude of vibration. The amplitude of the ori 
beam, on the other hand. is equal to the sum of the 
amplitudes of the component beams.* 








This means a violent clash with the pri 
vation of Energy, with no means of escape. Unless 
physicists were prepared to give up the Principle of Energy 
the only logical course would have been to regard 
theory at st with some reservation. But curiously 
enough, this big difficulty is simply passed over and ax far 
ns our knowled goes, no mention is e made of it in 
ппу of the current text-books on Physical Opties, It is 
inconceivable that such an elementary and fundamental 
v could have escaped the notice of physicists over 
























years. 

` 8. Maxwell's electromagnetie theory records a great 
achievement in establish; otwoen several 
branches of Physies, light, electricity and magnetism hither- 
to regarded as absolutely independent of one another. Tts 
main contribution Is to specify the nature of the light 
waves while accepti a vague way the explanations of 

















* A physicist friend hae pointed out that the amplitude of the 
original beam is equal to the veotor sum of tbe amplitudes of the 
component beams and that a difference of phase is introduced by 
reflection. We have considered here the amplitude at the instant 
of separation of the two beams before the reflection actually takes 
place. Also vector addition doe» not bar out scalar addition which 

special cane. In any case, it is not worth while to examine the 
the theory itself has been given up, except 

















4 LIGHT AND MATTER 


the facts of Physical Optics offered by the elastic solid 
theory, But it leaves the problem of energy in precisely 
the same position as before. If a benm with electric force 
E is split up into two beams with components, E, and Е. 
in а free medium 





B=E,+E,, 


The density of energy is proportional to Е, In order that 
the principle of energy may hold in every ease, we must 
have 

Km E+ ES. 


The two relations are obviously hopelessly contradictory. 
Curiously enough, this difficulty also finds no mention in 
any exposition of the Maxwell theory. 

Jeans has given full mathematical working of 
refraction and reflection of a wave polarised in and 
perpendicular to, the plane of incidence (Jeans, IL, p. 520 
et seq.) He bas shown that if the wave front of the 
incident wave is K,(r cos 6, у sin &,— Ки), ien the 
electric and magnetic vectors involve the exponential 
fuotor exp. iK,(r cos 6,+y sin Ө, 1,0), the refracted wave 
exp. iK (2 cos #,+ у sin @,—V,) and the reflected wave * 
exp. iK,(r cos Ө, +y sin 6, — V,t), then the condition of 

^. continuity at the boundary 2=0 gives 
\ K, sin Ө, =K; sin ө.= К, sin by- M Er 
з KV, KW. KE, xw 
of refraction and reflection follow i 
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There is no clear indication how the energy of the 
incident beam as well ns of the refracted and reflected 
bears is to be enleulated (i.r., over the entire space or not). 
In any ease it is certain that the condi 
satisfied. The energy of the incident beam 
proved to be equal to the sum of the energies of th 
and the reflected beams in spite of Jeans’ 
that the equality should hold (IL, p. 581). 


One reason can be put forward at once. If the Maxwell 
equations are correct for s dispersiv um, '* there 
ought to be a single definite refractive index for each 
medium, whereas the pheno n of dispersion shows that 
the refractive index of any medium varies with the wave- 
length of light. Tt is easy to trace this difficulty to its 
source. The phenomenon of dispersion is supposed to nrise 
from the periodic motion of charged electrons associated 
with the molecules of the medium, whereas the theoretical 
value which has been obtained for th velocity of light 
has been deduced on the supposi 
is uncharged at ry point” (N 11, p. 525) In 
fact, the Maxwell theory for a dispersive medium ix very 
obscure. 

4. Towards the close of the nineteenth century, many 
experimental facts about the were discovered and 
the result was Planck’s law, followed by the bold generalisa- 

tion of Einstein that every beam of frequency v possesses 
© n quantum of energy hy. The difference in the intensity of 
is accounted for by the difference in the number of 
quanta in the incident beam. 












dont anxiety 
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“Was ist das Licht? Seit den Zeiten Youngs und 
Fresnels wissen wir, dass es eine Wellenbewegung ist, Wir 
kennen die Geschwindigkeit der Wellen, wir kennen ihre 
Länge, wir wissen dass es Transversalwellen sind; wir 
kennen mit einem Worte die geometrischen Verhältnisse 
der Bewegung volkommen. An ze ist ein Zweifel 
nicht mehr möglich, eine Widerk * Anschauungen 
ist für den Physiker undenkbar. Die Wellentheorie des 
Lichtes ist, menschlich gesprochen, Gewissheit.” 
Sommerfeld proceeds ` Ist diese Gewissheit inzwischen 
erschüttert worden ? Ja und Nein! In allen Fragen 
der Interferenz und Beugung hat die Wellenlehre nicht 
nur ihre Stellung behauptet, sondern hat neuen Boden 
gewonen; sie hat sich ausgedehnt, nach der Seite der kleinen 
Wellenlängen bis hinab zu den Röntgen und y-strahlen, 
nach der Seite den grossen Wellenlängen bis zu den kilo- 
met llen der drahtlosen Т е. In allen Fragen 
aber, welche, um mit Einstein zu reden, die Erzeugung 
und Verwandlung des L es betref sind wir von der. 
Unzulinglichkeit der Wellenopti 
* Die lichtelektrischen Erscheinungen und die sonstigen 
Absorptionsvorgange im optischen und Röntgengebeit 
erwocken durchaus den Eindruck, als ob die Wellenenergie 
ebenso wie die Energie korpuskularer Strahlung an einzelnen 
Stellen punktförmig konzentriert sei. Man kommt so zu 
dem extremen Strandpunkt der ' Liehtquanten ' die 
von dem Emissionszentrum aus mit Lichtgeschwindigkeit 
forteilen, .,... Denselben Umsatz von Strahlungsener- 
gie des Betrages hv in die Hubarbeit eines Elektrons 
sehen wir sich im Atomverbande beim optischen Absorp- 
{ “зили vollziehen “ (Sommerfeld, pp. 50-51). 
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5. But the Einstein relation revives at once im an 
acute form the problem of interference which requires that 
the same beam must be split up into two components. 
From a perusal of most treatises on Quantum Mechanics 
one would not suspect that s n existed at all. 
It seems to have been systematically ignored. Dirae, 
however, offers the following explanation 














uch a proble 








" Suppose we have a beam of light whieh is passed 
through some kind of interferometer, so that it gets split up 
into two components and the two components are subse- 
quently made to interfere. We may .. . . . take an incident 
beam consisting of only a single photon and inquire what 
will happen to it as it goes through the apparatus. This 
will present to us the difficulty of the conflict between the 
wave and corpuscular theories of light in an acute 
form. ....... We must now describe the photon as going 
partly into each of the two components into which the 
incident beam is split....... For а photon to be in a 
definite state of motion it need not be associated with one 
single beam of light, but may be associated with two or 
more beams of light which are the components into which 
one original beam has been split '* (Dirac, p. 7). 

Such an argument coming from а man of Professor 

Dirao’s eminence is entitled to serious consideration, but 

it breaks down at the most superficial criticism, What 
happens when the two component beams are widely 
separated, say by millions of miles? ‘The quantum of energy 
cannot be present in both as it is inconceivable that the 
seat of energy can be millions of les away from the 

.— path of the beam. We must then have a beam of light 
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without energy! Obviously, no amount of sophistry can 
explain the divisibility of a beam as required by the pheno- 
menon of interference and retain the indivisible quantum 
of energy as enunciated by Einstein, 


6. The consequenee has been a duality which pervades 
the entire structure of modern Physics. The so-called 
wave and particle characters of light are treated entirely 
separately and there is no bridge over the gulf. The 
present view seems to be that light is both particle and 
wave. Its particular manifestation depends on the setting 
of the apparatus used for the experiment. If we set up 
am interferometer, light behaves obligingly as waves of 
certain length, but if we use a photo-electric apparatus, 
light bebaves ns particles possessing certain mass and 
momentum, But the curious feature is thut the two 
characters cannot be made the subject-matter of the same | 
experiment, This is in strange contrast with the behaviour 
of nature in experiments designed to investigate the 
relative motion of ether and matter. Then “ the forces of 
nature seemed without exception to be parties to a perfectly 
organised conspiracy to conceal the Earth's motion through 
the ether. This, of course, ix the language of the layman, 
mot the man of science, The latter prefers to say that the 
lows of nature make it impossible to detect the Earth's 
motion through the ether. The philosophical contents of 
the two statements are precisely identical “ (Jeans, 1, 
р. 88). 

eae ee er as 
only the obverse side of Jeans’ picture. Here Dame 
behnves маны obliging Indy and not like а pe 
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wilful young woman. She, however, refuses to be hustled 
into doing two things the same time! And this is the 
language not of the ignorant man in the street, but of 
eminent men of science. Apparently physicists find nothing 
incongruous in the introduction of the supernatural in the 
domain of natural philosophy. 

Does this not suggest that the wave and particle 
‚ but belong 
ly 
mixed up and are difficult to separate ? In any case, 
it is clear that the principle of duality is only a confession 
ut any trace of apology 
befitting our shortcoming. 











properties are not combined in the same pari 





to two different physical entities, which, however, can em 











of ignorance with or humi 








The present tendency is to regard the entire ¢ 
в beam as concentrated in the photon, the electromagnetic 
wave acting merely as the guide. Tf the implication is that 
the beam is divisible wi the photon is not, the existence 
of a beam without energy is admitted. This runs nter 
to stein’s fundamental relation ТУ зу. Nor is it 
conceivable that an electromagnetic wave possesses no 
energy at all. This continually shifting ground iw a sure 
indioation of weak logical foundation. 

















| 7. It is noteworthy that modern Physics deals entirely 
with energy and momentum and has very little to do with 

j the wave length. One important exception is the experi- 
- ment on the diffraction of electrons by Thomson and 
others. It has accepted unreservedly Einstein's relation 
We=hv associating a quantum of energy Пу with every 
wave of frequency v and placed it in an apparently 
impregnable position as one of the pillars on which rests the 
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structure of Quantum Mechanics. But it is yet to be 
f length 15 to 400 metres can 
penetrate а solid wall while a beam of visible light of wave 
length of order 10-%em possessing many hundreds of million 
times more energy according to the Einstein law cannot 
of 

З. Another objection to the Einstein law may be 
mentioned here. The finite breadth of the spectral lines 





explained why radio way 





penetrate one millimetr 'ebonrd ! 





and the existence of the continuous spectrum imply an 
infinite number of frequencies. put it crud 
Theory of Sets of Points that 
jte length—it is immaterial whether 
the line is n or a kilometre in length—posseases 
an infinite number of points. They form what is technically 
called а non-enumerable set. Consequently, И every 
fi ney carries a finite quantum of energy, the total 
energy radiated by а finite mass of excited radiating mutter 
must be infinite. Not even the store of е 
is sufficient to cover the expenditure of radiated energy 
through one Ångström unit of the continuous spectrum in 
one second! It seems that in their preoccupation with 
complex experiments, physicists have lost sight of the 
dispersion of white light by a prism—an experiment familiar 
to every schoolboy. 

It must be emphasised that it is not possible to explain 
n continuous spectrum by imagining a large but finite 
number of discrete lines without sacrificing the Schrödinger 
equation, which is the foundation of modern wave 
mechanics. It admits of discrete as well as continuous 
eigenvalues implying the existence of discrete lines as well 





it is an 








element 
a continuous line of fi 





у conclusion of t 








illimet: 

















gy of the sun 
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as of the continuous spectrum. It may be contended that 
the continuous eigenvalues solution of the Schrödinger 
equation gives only the probable lines of the spectrom, 
but does not imply that the full complement of radiations 
corresponding to every po the conti m, 
i» simultaneously present. In other words, the radiations, 
though apparently continuous, are really discontinuous and 
discrete as regards frequency and intermittent as regards 
time. Even then the position cannot be saved. Suppose 
we have one gram of excited matter, radinting energy in 
the form of а continuous ‘spectrum—the whole operation 
taking a finite length of time, say five minutes. If during 
this interval, every radiation in the range has been emitted, 
it is clear that the total radiated energy is infinite, Nor is 
there any jot of evidence to show that a continuous spectrum 
really possesses discontinuity: in frequ 


9. "The current Quantum Mechanical explanation of 
the finite breadth of the spectral lines leaves a good deal 
of room for objections on logical grounds. ‘The classical 
explanation (Heitler, p. 113) proceeds on the assumption 
of radiation by a vibrating electron. It is well known that 
such assumption has long been discarded. In fact it is 
one of the corner-stones of Quantum Mechanics’ that an 
electron radiates energy only when it changes from one 
energy level to another. Ш a vibrating electron could emit 
radiation, the Rutherford Bohr model of an atom would be 
an impossibility, for an orbital motion can be resolved into 
two simple harmonie oscillations. 

Then the intensity distribution in а brond spectral 
e is found from probability considerations and the formula 


en 








Jous spect 











































12 LIGHT AND MATTER 


obtained identified with that obtained from classical 
considerations (Heitler, p. 113). But finding the law of 
variation of intensity is a problem absolutely different from 
that of finding an explanation for the finite breadth. 
Finding the law of motion of a projectile is not the same 
as explaining the motion and gravitation. Also, the 
application of the correspondence principle when the 
underlying physical ideas are absolutely contradictory, seems 
to be extremely illogical. By way of comparison nnd 
contrast, it may be pointed out that the relation between 
Einstein's theory of planetary inotion and the Newtonian 
theory is of a different character—the latter being only an 
approximation of the former. Einstein's idea of a field of 
force though distinet from that of Newton does not 
contradict it. 

10. The logienl explanation of the breadth of the 
spectral lines is based on Heisenberg's uncertainty principle 
(Heitler, p. 113) 





АЕМ =h 


which states that the uncertainty in the determination 
of energy and time (whether of emission or reception is 
not clear, probably the latter, since observations and not 
concepts are the concern of Quantum Mechanics) are 
complementary. But in investigating the theory of the 
breadth. we are not concerned with the accurate determinn- 
‘tion of the time at all, So there ought not to be any limit. 
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the fact that the D-line of Sodium, for example, is so much 
broader than many other lines of the spectrum, If there 
be any substance in all these objections, Einstein's relation 
=й» must be regarded as an over-generalisation. 

11. Again Dir 














^fines his éfunction as follow: 








(Dirac, p. 7 





(ж) =Owhen +0, J Heide 


This function plays an important. role in Quantum Mecha- 





nies, 





"Taken literally the integral does not make sense, for 
im integri over a stretch of the ind dent variable 
which is m than a re point. If we extend the 
definition by making (2) = 0 when a de not lie between 
że and then mak sily verified that Ale) 
cannot exist. Let us suppose that the indefinite integral 
of (2) ix f(x). Then 





must 














«30, it is 








К+д-/-< 


И we make «—+0, we get /( +0)—/(—0)=1, which makes 
für) discontinuous at the origi It cannot, there! 
possess a differential coefficient at the origin. 
é-function is, therefore, a myth, Dirac himself has admitted 
that it is an improper function, but that hus not prevented 
an extensive use being made of the fu in Quantum 
Mechanies. 

We have come across only one specific example of such 
a function defined ns follows (Jeans, II, p. 519):— 






















F(z)e Lt ` 


сзо ware! 
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This equals zero when x0. For the integral property 
presumably the mathematics is as follows :— 


[т=ш=] wives йа cope ig je 


3105 И Fri 
Lee c) eapo FL cttm 


This process involves an interchange of limiting operations 
which is not usually permissible. б 


A few words may be added about the derivation of 
Schrödinger's equation. He derived his equation by a 
process of extremalisation of the expression for energy for 
which no justification could be given. The present tendency 
їн to assume de Broglie’s principle of equivalence of matter 
and waves and deduce partly by logie and partly by 
intuition, the well- wave equation (Richtmyer 
and Kennard, p. 259, et вед). Here again the continually 


shifting ground points to the weakness of the logical 
foundation. 


12. Among the mathematical difficulties and anom- 
alios, a few are mentioned below, Undoubtedly there are 
others which must have struck critically discriminating 
mathematicians. 

(i) Non-commutative multiplication which is one of 

comer-stones of Quantum Mechanics, does not present 

ee mathematician, But when exponen- 
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lt ee ehe, then a+btb+a. 
Logically, therefore, we must take into account the order 
in the sum of two dynan 





1 variables. This would create 
immense difficulties in manipulation, leading to n morass, 
in which further progress is impossible. 

(ii) In Lande’s expression for the anomalous Zeeman 
effect, it is usual to substitute expression like j(j+1) for 
Р (Sommerfold, p. 699). This is the sort of matheraties 
which is common among schoolboys wishing to get the 
answer correct and hoping that the trick would miss the 
eye of the teacher, 

(Hi) Consider again Dirac’s well-known 
equation. 








istic: 





Hz —clagpet ssp, зард parie! (Dirac, p. 200) 
of the motion of а free electron. We get easily the 
surprising result ^ 

+= (z, H] = ez. 

Tt has as eigenvalues +c corresponding to the eigenvalues 
+lof%. As р and? are similar, we can conclude that 
a measurement of a component of the velocity of a free 
electron is certain (italics are ours) to lead to the result 4 c. 
"This conclusion is easily seen to hold also when there ія n 
field present. 

Dirac has taken great pains to explain away this 
astounding result. He asserts that the contradiction is not 
real though, since the theoretical velocity in the above 
onelusion is the velocity at one instant of time while 
velocities are always average velocities through 
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He shows that "the z-component of velocity = ca, 
consists of two parts e*p,H7*, connected with the momen- 
tum by the classical relativistic formula, and an oscillatory 






part = цебе su gx 


whose frequency is high, being 2H/h which is at least 
Bethe wees The oscillatory part secures that the ise 
tantaneous value of a shall have the eigenvalues xe. 

It is difficult to meet any argument based on the 
uncertainty principle. But we can look upon the result 
from another angle. If the experimental error in the 
measurement of the velocity of an electron be of the order 
of millions per cent., the whole structure of experimental 
Physics breaks down. Also if the velocity of an electron 
ix indeterminate to the extent of the velocity of light, its 
mass should also be indeterminate without limit if the 
Relativity theory is not to be gi 



















Again, LE 
or, the velocity of the electron 
the axis of spin, whatever the origin may be. Perhaps 
we shall be told that the a's are not the spin components 
in the definite sense of classical mechanics. But what 
exactly do they stand for ? 

- (io) Dirac often speaks of n polarised photon, What 
re ee. 
energy? It must be n structure of eleetromngnetie waves — 
before the word polarised may be applied to it. Thi 
is p the present thesis. r^ 
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with the frequ 





у of the corresponding jumps are 
Wy = Wac hvm 
Wa 





ТУ hes. 





‘The expressions on the left hand side 

those on the right hand side are not (i.e., not pl 
If the electron makes the level W halting station 
separate radiations of frequencies vis and vma nre emitted. 
But if there be no halt at the intermediate level, only one 
radiation of frequency vj, is emitted, Now the halt 
may be as short as one likes, theoretically at least, and 
there is no discontinuity between a finite halt and no halt. 
But physically vim + van ome Red light superposed on 
green light does not make violet light. 


are additive while 























А word of protest must be raised against the une of 
Newtonian ideas in theories of matter and electricity. 
‘Throughout the entire range of wave mechanics runs the 
basic iden of Newtonian mechanics mainly by way of 
Hamilton's canonical equations. This is open to serious 
objections. The concentration of finite mass at points or 
finite volumes is the foundation of Newtonian mechanics in 
Which mass and energy are absolutely separate entities. 
In the electromagnetic theory, on the other hand, mass and 
energy are equivalent and they are spread out over the 
entire space. The only equations applicable are the 
‘Maxwell equations and even these require modification. 













A curious feature of the new Physics calls for a word 
‘of comment. After some property has been deduced on 
vert „ they are altered without ару com- 
that the previous arguments may thereby be 
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invalidated. One such example is the quantum numbers 
which must be integers in order that the solutions of the 
wave equation may be uniform, finite and continuous. But . 
subsequently half odd integers are introduced as quantum 
numbers thus neutralising the previous work. 





Снартев IL 


WHAT IS MATTER 


1. What is matter ? Modern Physies answers that it is 
made up of the fundamental particles, electrons, protons 


1 ond neutrons, The two latter form the constituents of 
the nucleus held together by forces. believed to be 
“exchange forces", These possess the very necessary 





charactoristic of saturation, but Tamm and Ivanenko have 
calculated that in order to be effective the distance between 
the elementary particles must be of the order 10-**, a value 
much smaller than the ordinarily accepted nuclear dimen- 
sions (NaTURE 158, 1034). But nbout the structure of 
the fundamental particles modern Physics has nothing to 
вау. 





In our college days, we looked upon the elementary 
particles as something like billiard balls with a coat of 
paint, and even now we have not gone much further in 
our search for the objective reality. Only the balls ought 
to blow up, but for some reason they do not, They ought 
to possess infinite energy, but obviously cannot, Modern 
. Physics has given up the search and is prepared to accept 
the fundamental properties of matter as postulates without 
_ concerning itself with the problem of the existence of some 
mental unity underneath. In fact, the primary object 
science, to discover unity in the midst of diversity 
^ ie number of independent fundamental 
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mber has been given up. 
Science has becom wely deseriptive—that 
too in symbols only. Dirse maint: that it is no business: 
of Quantum Mechanics to provide a picture. Its object, he 
says, ix the formulation of laws governing phenomena and 
the application of these laws to the discovery of new 
phenomena. We have no quarrel with Dirae's enunciation 
af the object of science but consider a physical picture 
essential so that the theory саз be checked at any stage 
where experimentation ix possible. 


concepts to the minimum n 





















2. То a classical physicist, any satisfactory theory of 
matter should solve the following fundamental problems :— 

(i) identification of matter with energy, (fi) the de 
Broglie theory of equivalence of matter and waren, 
experimentally verified by Thomson, (ii) Coulomb's Taw, 
(ie) gravitation, ie., attraction at certain distances and 
repulsion at smaller, (r) Relativity variation of mass, (ei) а 
rational explanation of charge. Let us see how moders 
Physies faces these problems. 

3 For the last half а century or so, the principle of 
identity of matter with energy has been generally 
recognised, but with a certain amount of mental reservation, 
hedged in with a good many 'yex, buta’, Intimmtely 
connected with this principle is the question of radiated 
solar energy. Until а few years ago, the conversion of — 
matter into energy was the only theory existent, bk 
following extract from Jeans (I, p. 68) gives, a none 
‘mathematical explanation :— 
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250 million tons a minute for a period of some millions 
of millions of 5 Detailed caleulation shows that the 
new-born sun must have had many times the mass of the 
prese ml fact of obser- 
vation that yo many times more massive 
than old stars ла could it store all the mass 
which bas since disappeared in the form of radiation ? 














conformity with the gei 














“ The rest-mass of an electron or other charged particle 

| is generally enormously grenter than its energy-mass, the 

latter assuming its greatest portance at high tempera- 

tures. Now the temperature at the centre of the sun is 

about 50,000,000 degrees, and even here the rest-mans 
accounts for all but one part in 200,000 of the total mass. 











© Ip is improbable that the new-born sun can have been 
much hotter than this, so that it seems likely that the 
gronter part of the mass of the primaeval sun n 
contained many more electrons and prot 
many more atoms than now, These ate 
disappeared in one way: they must have been annihilated. 
and their mass must be represented by the mass of the 
radiation which the sun has emitted in its long life of 
- millions and millions of years, Modern Physics gives no 
iden how the transformation takes place.” It is a mystic 
Phenomenon—one of the mysteries of the mysterious. 
universe, 
At present the theory of Bethe—radintion of surplus 
of four Hydrogen atoms combining to form a 
а atom—has come to the front. Even then the 

of the surplus mass into radiated energy is an 
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4. It is difficult to realise the objective reality behind 
the de Broglie waves of Wave Mechanics. Jeans analyses 
the difficulty as follows (I, pp. 121-23):— 

“ Most physicists would, I think, agree that the seven- 
dimensional space in which the wave mechanies pictures 
the meeting of two electrons is purely fictitious, in which 
case the waves which accompany the electrons must also 
be regarded as fictitious, Thus Professor Schrödinger, 
writing on the seven dimensional space says that although 
it has quite a definite physical meaning, it cannob very 
well be suid to * exist ", hence a wave motion in this space 
cannot be said to “exist” in the ordinary sense of the 
word either, It is merely an adequate mathematical 
description of what happens. It may be that also in the 
сазе of one single electron, the wave motion must not 
be taken to exist in too literal a sense, although the con- 
figuration-space happens to coincide with ordinary space in 
this particularly simple case. 











“ Yet it is hard to see how we can attribute a lower 
degree of reality to the one set of wayes than to the other: 
it is absurd to say that the waves of one electron are real, 
while those of two electrons are fictitious... . Some. 
physicists moet this situation by regarding the electron- 
waves as waves of probability. When we speak of n tidal 
wave we mean a material wave of water which wets — 
everything in its path. When we speak of a heat А 
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mean that the likelihood of his doing so is increased... + - 
The waves which represent an electron in the wave- 
mechanics may, it is suggested, be probnbility waves, whose 
intensity at any point measures the probability of the 
electron being at that point. 

“Thus at each point on Prof. Thomson's plate the 
wave intensity measures the probability that a single 
diffracted electron would hit the plate at that spot. When a 
whole crowd of electrons is diffracted, the total number 
which hit any spot is, of course, proportional to the 
probability of each individual hitting the spot, so that the 
darkening of the plate gives a measure of the probability 
per electron. 

“This view has the great merit that it enables the 
electrons to preserve their identity. If the eleetron-waves 
ave true material waves, each system of waves would 
probably be dispersed by the experiment, so that no 
electrified particles would survive ns such in any diffracted 
beam. Indeed, any encounter with matter would break 
up electrons, which could not be regarded as permanent 
structures. Actually, of course, it is the shower of elec- 
trons, rather than the individual, that is diffracted; the 
individual electrons move as particles and retain their 
identity as such. 

“All this is in accordance with Heisenberg's un- 
certainty principle, which makes it impossible ever to вау: 
an electron is here, at this precise spot, and is moving nt 
just so many miles an hour; we ean only speak in terms of 
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explanation of the fact that the diffraction pattern is the 
same ox would be obtained on the Debye-Scherer theory 
taking the length of the waves as that given by the de 
Broglie theory. The problem must, therefore, be treated. 
as an open one. 


5. Coulomb's law and the Relativity variation of 
muss nre accepted by modern Physics as postulates, no 
explanation being either necessary or available. It would 
be interesting to make a list of all the postulates and 
principles of modern Physics. It ix sure to be an imposing 
опе. 





Gravitation is treated as something independent of all 
other manifestations of matter. The connecting link is 
furnished by the Einstein's principle that a particle of 
Fest-mass m is equivalent to energy me? and the deviation 
of the path of light when passing close to the sun, which 
is one of the crucial tests of the Relativity: theory. 

6. Again the hydrodynamical idea of group velocity 
finds frequent mention in, Quantum Mechanies, when 
something of a permanent nature is sought to be created 
out of waves. As an example may be cited the attempt 
at constructing an electron by combining solutions of the 








Sehródinger equation. The mathematics in bydrodyna- 8. 


mical language is ax follows (Lamb, p. WO 
Let two progressive waves a sin(ler— of), а sin(kiz 
different 
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Lt k and 1 be very nearly equal, the cosine 
varies very slowly with z; so that the w 
any instant has the form of a curve of xines in which 
the Iternates gradually between the values 
surface, therefore, presents the appearance 
of a series of groups of waves separated at equal intervals 
by bande of nearly smooth water. The motion of each 
group is then sensibly independent of the presence of 
others. Since the distance between the successive groups 
is = 0) and the time taken by the system in shifting 
through the space is 22/(r — ө”) the group velocity 















Umie- kK, 





or, nately Unde /dk. 
In terms of the wave length 
ra dw) у die 
è Um E ai 


where w is the wave velocity. It is obvious that unless 
w is a function of A the wave length, or the medium ix 
dispersive, the group velocity is the same as the wave 
velocity. 

For light waves the difference between the two velo- 
cities is, in general, very «mall, so that we can practically 
neglect it. Tt is quite otherwise with de Broglie's material 
L С waves. It can be shown (Frenkel I, p. 29) that the group 
the velocity of 











"The above analysis ha been relied with the help 


" (eo an to make the wave group short е 
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sud sharp, Here is the mathematical working (Kemble, 
р. 37):— 
^ We define WỌr,t) by the equation 


Wie, = | боена de, 
o 
where ба) is assumed to satisfy the Dirichlet condition 
{for Fourier's integral theorems). Differentiation under 
the integral sign shows that W(x, t) is a solution of the 
equation 





OW. Ari SW » xu 

ow ho Mo T RT 
(Schrödinger equation in one dimension in space under no 
forces; the potential energy being a constant has been taken 
to be zero, н is the mass of the electron.) * 
. Let us next consider a special ease in which 
G(r) is a function having u maximum at the point «=, 
and approaching zero monotonically as | o-a, | increases. 
We shall suppose that G is sensibly equal to zero outside 
of a certain «mall interval A containing the point armer. 
‘The wave function W can then be described as a wave 
packet, since it is composed of n group or packet of 
‘monochromatic progressive waves all of which have approxi- 
BEE аза хате ашара e and the’ sauna шш 
о motion, 
" (Io order to study the Dear of such packet it is 
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= = 
ra =f Glo) cos 9 de, We = J Ge) sing du; 


In evaluating these integrals x and £ are to be tre 
fixed parameters whil 
integration c. 
form 





dv. 
(I). en 
Let us consider the expression a little more closely, 
G(w)=0 when |r-,|>M/2, M being small, so that though 
the two definite integrals have been taken between the 
limits {со they are really between ,—M/2 und «,* Mj2. 
At any instant of time, t, the two integrands have a 
poviodic distribution along the «axis, ie, whatever the 
shape of the curve G (т) may be, it is repeated at intervals 
of Ife, along the axis, Integration with respect tow 
cannot take away this prop of periodicity along the 
wuxis. So whatever physical entity the wave packet may 
represent, it must form a procession. So if the wave 
" packet is taken to represent an electron, the logical 
conelusion would be that electrons can only move, in an 
unending procession. 
S. The difficulties of the wave packet theories find 
‘expression in the following extract from Kemble 
(pp. 10-12): — 
~The essential requirements to be imposed upon a wave 
ранее in order that it shall constitute a wave packet 
(a) it shall occupy a small volume, (b) it shall 
definite speed, and (c) it shall travel in a definite 
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direction. ‘These requirements are, to a certain extent, 
mutually contradictory, as may be proved theoretically or 
demonstrated by appropriate expe nt. "Thus, in the 
case of an infinite train of plane waves the direction of 
motion is perfectly definite, but the disturbance is not 
localized at all... Пану, we may localize the wave 
train longitudinally if we reduce it to finite length in any 
manner, If the train is monoehre 
to include many wav will travel | 
speed even in n dispersive med 
the train is made so short that it contains only 
or perhaps only a fraction of a wave, the group does not 
hang together, but spreads out longitudinally as it proceeds 
ns if composed of di ents travelling at different 
rates of speed. Consequently, this second kind of localiza- 
tion of a wave rbance must not be enrried too far if 
it is not to conflict with the second requi it for a wi 
packet." Kemble thinks that by a suitable compromixe, 
we can devise wave disturbances appropriate to a dispersive 
medium which satisfy all the three requirements of a ware 
packet. 

"These wave packets are sometimes meant to be 
material, i.e., they are supposed to represent the elementary 
particles of matter. But it is more usual now to regard 
them ax probability waves, ie. they represent the 
probability of any particle being found near about the 
a r place. Tt seems that Kemble regards the packets 








ie and long enough 
ith a fairly definite 
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ments of the packet idea, ther ists who do not 
share his conviction, Here is an extract from Frenkel 
(р. 31):— 


are phy 
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‘To interpret the sp 
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‚ however, c 








А to electrons (on the basis of the electr 
preferred to 
skets of finite dimensions. The latter 
wtradieted by the fact that 
s. but 
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s present 








eke! 
point of view 
wave packets do not p 
sprend out in space as time 


of the pu 


ons by wav 
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1, whereas the dime 





1 constant 





sles they represent 





^" But e 
as wave pa 
the int "nee and dif 
If we imagine a bundle of cathode rays to be а collection 


from this, the conception of particles 






ntradiets the facts of observation 
of the corresponding ru. 


kets es 








of wave pa ach wave packet corresponding to а 
single electron, then the «catt 


diffrnction grating would not produce the usual interference 








f these rays at а 





wed in the case of 
t. de explain this 





pattern similar to that whieh it o 
homogeneous light waves, In fa 
interference pattern by the wave the: 
that the ine 
a constant 
the finite cross 
raya). 

“Thus the representation of the 
in a beam of cathode rays by wave packets is quite w 
to explain diffraction and interference phenomen 
influence of the grating would manifest itself in this case 
in the reflection and eventually in 
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y We must assume 





mt rays form a sinusoidal train of waves with 
mplitude through space (disreganting of course 
ction and divergence of the bundle of 
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separate wave packets, more or less in accordance with 
the corpuscular theory, and no trace of the actually 


observed interference and diffraction phenomena will be 
displayed. 


~ Discontinuous elementary ac 
rays (such as the photo-elec ect), .. 1... cannot be 
explained by а corpuscular structure of the corresponding 
wave field. They must also occur with a completely 
homogeneous structure—or rather a complete absence of 
structure—of this field. 





ns of light or material 









“ We must see that the reduction of particles to waves 
made so tempting by the coincidence of particle velocity 
with group velocity is impossible and that this coincidence 
must have an entirely different physical meaning.” 

On this last point, we may observe that the velocity 
of light is mean proportional between the group velocity 
and the phase velocity. So the phase velocity is greater 
than the velocity of light, a contingency which is unthink- 
able to n relativist. Consequently, if the Relativity theory 
is vot to be given up, the phase velocity can have no 
physical significance and consequently the group velocity 
ean have no physical import either. 

Lastly, the wave packet theory does not offer any 
explanation of the Relativity variation. of mass. On the 
contrary, Doppler's principle would indicate quite a кузы 
go ВОГ] or, „Use =® 

д factor Mer iei ton 9 
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found near about a particular place, it may be pointed out 
that the tendency of the packets to spread out porsists 
and however sharply defined the packet may be initially, 
it will be blurred in the course of time and the probability 
packet will cense to have any meaning 















The subject the tendency to grow more and more 
vague. Says Jeans (I, p. 124): ‘* Heisenberg and Bohr 
have suggested that electron waves must be regarded merely 
as a sort of symbolic representation of our knowledge 
ns to the probable state and position of an electron. If во, 
they change as our knowledge changes, and so becomes 
largely subjective. Thus we need hardly think of the 
waves as being located in space and time at all; they 
nero visunlisations of n» mathematienl formula of an 
undulatory but wholly abstract na 


"A still more dri possibility, sgain arising out of 
и suggestion made by Bohr, is that the minutest phenomenn 
of nature do not admit of representation in the spacetime 
framework at all. On this view the four-dimensional 
continuum of the theory of Relativity is adequate only for 
some of the phenomena of nature, these including large- 
senle phenomena and radiation in free space; other 
phenomena ean only be repress ated by going outside the 
continuum, We have, for instance, already tentatively 
pictured consciousness as something outside the continuum 
and have seen how the meeting of two electrons can most 
simply be pictured in seven dimensions, It is conceivable 
‘that happenings entirely outside the continuum determing 
wh ib we describe as the ' course of events" inside the 


mum. and that the apparent indeterminacy of nature — 
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may arise from ou 
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dimensions into a sma 





» happenings whi 
number of di 
sus of opinion, physics is 
of one school of Hindu 








If this represents a fair cor 
not very fur from the con 
philosophy that matt 
manifestation of the Supre 
Again, the probability of an event offers 
nature or character of the actors 
if the probability wave packet be n fact, we are 
than before about the nature and character of the pi 
The probability of t ing on the table of a 
scientist is arrectiwess or tho falsity 
of the thesis! As far as any indication about the physicat 
structure of the particle is concerned, the probability theory 
is mere empty verbiage. It attempts an answer to the 
query '‘where is matter?" and not "what is matter, 
11. At present are known about twenty-five or thirty 
so-called. fundamental particles wh in spite of wide 
difference of mass, possess the remarkable property that 
the charge ix + є ое sero. There ix also the 
neutrino which ved by Fermi only to explain 
the residual property with no possibility of actual demons: 
tration! It is а particle too small for experimental 
verification, Theoretical physics must have come to m 
pretty pass to have to swallow such a big pill and that 
too in an age that scorns concepts aud places its faith 
on observation alone, 
0 А few words may not be out of place Jn eriticism 
- "ef the doctrine of chance, which loys down that things 
уреп not because they must, but because they are more 
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A universal illustration 
In fact, the 
1 tails turning up in equal proport 
in a large muy on as axiomatic in the 
mew theory. It seems to be the most self-evident truth 
al than many of the axioms hitherto 
ht 


likely than any other c 
of the doctrine is the 
probability of 






+ af a coin 
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of tosses is tal 











] much more fundam 


accepted. w 





out a shadow of don 
Jeans says: “Wi 
analogous situation a largesse 

О Vialt-penny, nothing 
| muy be able to dee 





n illustrate the concept by an 
e world, If we spin n 
dye (italics are ours) 
her it will come down beads or 
айа, yot if we throw up n million tons of half-ponco, we 
know there will be 500,000 tons of heads 500,000 tons 
| of tails. The experiment may be repeated indefinitely and 
| will always give the same result ^ (I, p. 28). 
| 



























But the spin of a coin is a simple case of motion of a. 
atichin ean predict 
al conditions, the 
The uneertain 
d the difficulty 
п is tossed with the fingers. 
the human ingenuity to 
| head up every 
d his energy on 


rigid body (if it is rigid) and any ma 
| the result of a toss pro 
| initial position, impulse, ete 

element is the Inck of definite 
\ of ascertaining them when a er 
But certainly it is not beyon 
devise n machine which could spin a er 
time, if any one could be found to sp 
anything so futile! 
A olassieist would reply that Jeans" con 

if the throws nre absolutely random and challenge 
assertion that we cannot know the outcome of the 
vow. But a number of throws absolutely at random 
s inconceivable as a number of identical throws. 
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Both are circumscribed by the weakness of the human 
anaterial and mind. ical mathemntician, statistical 
mechanics gives only an approximate average solution of 
a hopelessly complicated problem. When we have в large 
number of unknowns and a large number of unknown 
relations, statistien! mechanics gives n reliable guide to 
extrapolation, But it is no substitute for causality. 


18. The earliest observed manifestation of electricity 
mature was lightning and in the laboratory, the electric 
charge. In the days of Benjamin Franklin (1706-1790), 
there was a big controversy about the nature of electricity. 
"There was no doubt whatever that it was a fluid, the 
controversy was whether it wax а single fluid or two fluids. 
Even in the latter part of the nineteenth century, the 
Maxwell displacement was essentially à confirmation of 
the fluid theory. The discovery of the electron and the 
proton localised the fluid on the surface of the particles, 
thus creating the problem of stability of these charges, 
Modern physics hax accepted the fluid theory by implication, 
leaving the question of stability unsolved. 

It is doubtful if there is any living physicist wlio 
believes in it. Yet nobody seems to mind. It is obvious 
that such an elementary manifestation of electricity cannot 
be ignored in any theory without grave risk of collapse due | 
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mental particles including the neutron and the recently 
discovered anti-meutron, There are different varieties of 
mesons possessing different masses and energies. But the 
significant property ix that the charge ix either + e or zero. 
This clamours for an explanation. 

14. As the conclusion to all discussion, it may 
be stated without any fear of contradiction that a self- 
consistent theory about the strueture of the fundamental 
particle does not exist. The attempts that have been 
made have met with scanty success, ‘There is no room 
for satisfaction with the existing state of Physics, much 
less for self-complacency. The mental attitude of physicists 
is reminiscent of the dogma of the scholasties— I believe in 
order to understand.” 








Onarren HIE 
A NEW THEORY OF LIGHT 


1. The starting point is the Maxwell's electromagnetic 
equations in free space, ie., without any charge either at 
rest or in motion. Let E represent the eloetric vector with 
the components Ey ЕЁ, and H the magnetic vector 
with the components Ha, Hy, Hz, Then the equations 
may be written as 





curl E ! Ù =o, 
5 

diy H = 0, 

cul H- 1E zu, 
E 


div E 0. ened) 


Tt is easily seen that the electric and magnetic com- 
i ponents severally satisfy the wave equation 


1 id. k 
Е vr- i б =0, ШИ 
Consider now a rectilinear progressive wave along the | 





a-axis, We proceed to show that паннен ее 
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The general solution of oq 
of space is given by 





ions (1. 2) in one dimension 





= H, = (е-е) PEN 
the other eleotrie and magi 
If this has to pre 





tie components being zero. 
ent the Doppler effect, f must involve 














n factor xin (= et). "To make the sinuxoi xplicit, 
we write 

= H,» er el) sin е et). 
"Th ntz transformation for an observer Of 





w, y’ а". 7) moving with velocity e in the direction of the 
araxis is x 


ir Bl +00), yay’, zer. Um BT e naf). 
В=(1-е?/сзү-ї, 
We have then 
ete B — w/e) (x - ot’), 2 8) 


On application of this transformation, the factor 
sin k(r—et) becomes sin 007 (я? et’), where 














K = kB eje) = kV ii- vreji tne), 
Introducing the freq 





су v=ke/2r, we hove 


vm v (о) tee), 
This is, of course, the Doppler effect. 
Et is well known after Larmor and Lorentz that the 
Well equations are conserved under the transformation 
led we write 
&=E=0 


_ Gy = В(Е,-е/еН) = Bü - e [efi et) 
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бе = ВЕ. * v/c Hp) = 0 
D Н. = 0 
Ay = BIH, +ојсЕ) = 0 
Av = ВН, v | сЕ = BU оо) et). б) 
(Tolman, р. 87 with slight change of notation), 
But Er, Grs Ge. Mo Me He are not necessarily the 
electromagnetic vector at the point x^, y, 3’, t Since the 
Maxwell equations ane homogeneous, we may write the 
actual electromagnetic vi 
By, By, Er, Hy, Hy 
FETTE ES ART т 
whore A is a constant—either absolute or a function of v. 
The first alternative is barred by the condition thay 
By, Hy must reduce to Ey, H, when v = 0. "Therefore, A 
сав only be a function of the type Woje) which reduces 
to 1 when 070. 
We may then write 
By = В8(1—е/е)уфе/с)Е, 
Hy = В(1-е/ суйе с), u A 
the other components being zero. The factor 3 (1— v/c) 
may be absorbed in (с/с) since it also becomes 1 when 
т=0. We have then 
Еу = анн, 
7 Ey, He representing the 









He = yie/c)H,. 





electromagnetic 3 
jer 0 must be the same function of a’, (^ as Ey, ls 
3 d. 
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_ funetion of 2’, Е is, therefore, independent of the observer 
О, though it reduces to Æ, when e=0. Ignoring the sine 
factor for the present, we thus have 


Е, = ¢lz—et) 
Ey = vVe/o)E, = фіз" сі). 
We impose on the equations another Lorentz trans- 
formation for an observer O” (coordinates a^, y”, =", t”) 
moving with velocity в" relative to 0%. Then by the usual 


formule of Relntivity Kinemuties, the velocity of О" 
relative to O is 





N: 


ЕСА 


U Ey, He represent the electromagnetic vector for the 
observer 0” 





= ¥(e/eyelo’/ejply—et) 


= (ије) с!) © 0 
direct transformation, 
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Put again v/c = tanh 6, e//e = tanh #, thon 
H 
(C. = tanh (9: 6^) 
So xitonh 6)  x(tanh #) = y(tonh 6 6). 


‘The general solution is у= п tanh =", » being any number 
positive or negative, integral or fractional, 





2 L 
Again, z 
er, laele m e- 
Ur rfc 
or, e ey ü-vjejiü eje) = Bü -w[e). 
We have, therefore, — x (r/e) n8 
or, $("/е) = er = Все)", 


We get, therefore, 
Ey = ofa et) = {BU - eich" el et). 
Also, псі B (l с/с) (det). E 
Eliminating 8 (1—e/e) we have 
met gle ote (oett amets 0 
The left hand side is а function of z’, 1’ and the right han 
side of z, t. We must have, therefore, each side n universal. 





Saman = Azet" 
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‘There are only two values of n which does not make 
infinite at some point or other. ‘The first is n=0, givin 








= H, = Asin k(x ~ ef). 


‘This is the basis of the old classical theory which has been 
found inadequate. The other value is » = 





giving 





= H, =Asink(n—ct)/(e-ct) — .. 1) 


which is taken as the basis of our th 


values of » are inadmissible since they make the veotor 





multiple-valued 


The conclusion is, therefore, irresistible that if the 
Maxwell equations hold good as well as the special Relativity 
theory, a linear photon obeying Doppler's principle must 
have its electric and magnetic vectors perpendicular and 
ina plane perpendicular to the direction of propagation 
and in the form (11). There is no way of avoiding thi 
formula unless we are illogical enough to accept the 
promises and deny the conclusion 





2. Tt is usual, when considering any solution of the 


Maxwell equations to i 
front (see, eg., Frenk is is a relic » 
Fresnel and Young's the t of t 
wave front was supposed to be a centre of disturbance 
and the wave front was supposed to move perpe 
to the my. In the Maxwell t the direction of 
propagation of the beam plays a fundamental part and the 
wave front is not only superfluous but misleading. If we 
take the Maxwell field By =H, =/(r-ct) to cover the 
entire space, we lose sight of the individual beam which is 
our main concern, We get, on the other hand, a bundle of 
4—1977 B. 







roduce the e 
p. 15-16) 
ey in which every p 





ception of a 
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parallel beams, in which no distinction is made between 
the rectilinear path of the beam and any other straight 
fine in space parallel to it. From this standpoint, if 
By = Н. =/(#~ct) represents a wave along the z-axis, it 
can also very well represent a wave along the straight 
line gl, ==. 


Consequently, we replace the expressions for the 
electromagnetic vector for a beam of light along the 
avuxis by 

Ey = Дет nn ta) sin Kr et) (eet) 

Н, = Лет WPH sin kiz—et)/(2—ct) 
all the other components being zero, These satisfy the 
Maxwell equntion along the path of the beam. We 
identify the photon with this type of electromagnetic wave 
and proceed to find an expression for the energy. The 
energy of the electric field nt any instant may be written 
aw (putting €=2~ct), 


„= zn ji “fe -mayan Sin? А ia $ дра 


-2 TH goce [uenis [a 


saja fap] 





5 an 
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Putting AA, 
energy as W=} А 
length. 

In the first edi 
to be confined to the zy-plane and the magnetic vector to 
the zz-plune. This assumption suffered from the drawback 
that the electric and the magnetic vectors were disconti- 
nuoux in the directions perpendicular to these planes 
respectively and so not differentiable. It is easily seen 
that this is the limiting ease when A,+0,A,— eo. The 
electric vector is then zero at every point outside the 
ay-plane and the magnetic vector is zero at every point 
outside the zzplane. It will be convenient to work on 
this hypothesis. We proceed to find an expression for the 
energy. 

3. ‘The energy of the electric field in a thin slab of 
thickness ё along the z-axis and breadth } along the y-axis 
at any instant is given by 


/2n?, we get the total electromagnetic 
Sk, p having the dimension of n 





the electric vector. was assumed 





























1 J Ey’ Bade. 
i 


"|o cover the entire zy-plane, we have to make => 5 
and 5->0. We assume that the limit [6 exists and is 
equal to 42. The total energy, electric and magnetic, of 
the photon at any instant, is, therefore, given by (putting 
are) o 


Bene 
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= Auf sin? ke|* [кезе А 
7 € [= E Eae) 





= Ak (7 sin оке ge Аза, 12 
ze J = д =» 119 


therefore, comes in when the volume integral 


The fuctor y 
sion of n 


is replaced by а line integral, и having the d 
length. 
4. Let us draw a graph of the funetion A sin K£/£. 
Tt possesses a hump at €=0 and hns nodes at +л/Ё, 
37/0, Balkan 
The amplitude at £=0 is Ak and the successive 
maximum ordinates are approximately of magnitudes 
dy Ak, gg Ak, үң Ak... and trail off to zero on either side. 
The hump, therefore, is about five times the maximum 
ordinate of the nearest wave. This partioular solution, 
therefore, possesses the main characteristic of a pulse, 
namely, concentration of energy and impulse to n limited - 
region of the wave. Since it possesses the velocity of light, — 
an experiment on the distribution of energy and impulse in 
the different parts of the wave cannot be thought of, 
Р We take the wave length A=2r/k, the wave length 
of the numerator of the expression A sin A(z—e)/(r - et), 
y ‘The frequency v=ke/27 and the total energy К 
M (WU = hv, where hm Дре. + 
‘To get an expression for the impulse, we note that the 
we lions ee ei N 
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within a closed surface S in a vector field 
Since x and £ e 






v only in the con 





= 2. ji ji y Fdedydz, where F = 
Wn et ff ett 


--& [IS OF ту: -u [Je ats 


egrating along a thi 
being t 











rod parallel to the z-axis, s, and ш, 
x-coordinates of the ends of the rod, 


1 Р, 
=- f Iras 
over the surface, 2 being the z-direction cosi of normal. 
‘Thus the rate of increase of energy within the surface 
ix equal to the rate of flow of ef/8z across and into the 
surface in the direction of the z-axis. The Pi 
for the special case of а progressive eleetronu 











nting vector 
wave 





_ © At sin? he 
Жел. © 





Similarly for the magnetic energy, The impulse is, 
therefore, 


ё 76 fi i xh ae аар =". 
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More simply, if we assume the postulate of the Relativity 
theory, 

те? = iv 
the impulse me=hvje. 


Taking h=6.5x 1077, we have Aa 1.1 x 10%. 
5. It is obvious that the expression 


A sinkt TA 
neu fe ак 





represents a packet of simple harmonic waves, but it shows 
only the length of the shortest wave in its composition. 
It is extremely significant that the expression which has 
been derived from the Maxwell equations with an eye on the 
Relativity considerations alone, should stand for a packet 
of simple harmonic waves. It is our view that the coin- 
cidence is not merely fortuitous but has a deep physical 
significance. It is our contention that the packet is more 
than a mere conglomeration of harmonie waves and 
possesses n. distinct identity of its own. 
The integral 


A f cos kgak 
f 
can, of course, be split up mathematically into 


ER Seen p 





| 9 
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Consider a photon given by the equation 
Ey, = Н, = Asin 1,16 
and superpose on it another 
Ey: = Hey = —A sin 1.616 


in the opposite phase. The total energy of the combination 
is given by the expression 


vf 


„4 f (sin* kyg+sin® ъа sin kg sin kf) qe 
° 


pos 





Ir 





Азиз, th) ү А*н* (cos (k, hM — сов (t - kN 
x dU Í PE fae 


А tk , ееш J£ — сон, — his) 
4 2s {з 


2" + hy) sin (k, + kag (ey — hy) sin (ley — KE ag] 
£ 
o 





M E 


І = а 2 hv, vit. 





where n=le/dr. к= 0,6128. a: 
‘The energy of the combination, which may be called. 
" n is thus the difference of the energy of the — 
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photons in the same phase cannot be superposed, for the 
energy of the combination 

By = Hy = Asink e/g, EQ Н, = Asin 6/6 
obtained us 





des hu d ns keg) - (1, — Ka] se Му, v), 


which contradicts the Principle of Energy. ‘This, of course, 
agrees with observatio 








A photon of energy Aw may, therefore, be split up 
into a photon of less energy Av, and n ial photon 
of energy h(v— v,), and the process of subdivision cun be 
carried on without any limit. In particular if k-k, i 
small and equal to Ak, while ¢ is not too large, the primary 
photon may be split up into » photon of slightly loss 
energy hv,, and а train of simple harmonic electromagnetic 
waves given by 

E, = H; = A {sin АЁ вію k,g)/ = Adk cos hg. 

The latter is equivalent to a train of ether w in 
the language of Physical Optics and may be identified 
with a beam of light. It presents the familiar phenomena 
ot reflection, refraction, interference, diffraction ete., whieh 
ure treated so simply and successfully in Physical Optics. 

6. We have, therefore, two distinct entities, wis., the 
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to explain the particle and wave properties of light, They 
possess the same wave length 2#/k and are 
mixed up together. The diffe 
complete photon possesses n fini 
photon possesses onl 





rieubly 
is that while t 
energy div, the partial 
Winitesimal energy proportional 
olving th ay and momentum 
such as the Compton effect, the photocl 
the energy distribution in the spe 
photons of 
experiments 








to âk. In experiments in 





ctrie effect. and 








retrum, it is the complete 
hv which preponderate, While in 
th the partial photons of small 
energy figure; complete photons of lar few in 
number, keep their Individuality and are unaffe 
experiment and do not show. A partial photon 



















A] cos hg dh 
Í 


on the other hand is easily resolved into the constitu 
waves by being passed through a prisin, a con 





plete photon 





A sin keg 


behaving like a wave of length 2 thi 
Curiously enough, this view finds a cert 
support in the following passage from Kemble (p. 5): 

“Aw n first step toward the formulation such a des- 
cription, we observe that a similar controversy arose long ago 
in connection with matter. In bulk it has properties 
which are conveniently described from the continuum point 
of view. In particular, it may be the vehicle of sound 

— waves which act like waves in a continuous medium. 1f 
matter be molecular in structure, however, we must 
“expect this fact to be most evident in the properties of 





ugh unaffected. 
in amount of 


k gos 
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low density gases. Experiments made on such gases do 
favour the molecular hypothesis and are regarded as 
crucial since low density matter must in any case uet in 
some ways like a continuum. Similarly, the corpuscular 
properties of radiation, if they exist, must be most evident 
if the corpuscles are of great energy and few in number 
as in the ease of low i ity beams of hard X-rays. 
Procisely here the evidence for atomicity through the 
C.T.R. Wilson ray-traek experiment and the Duane- 
Geiger point counter is most positive and definite. On the 
other hand, to get a test of one of the predictions of the 
wave theory one must have a record of the absorption of a . 
quantity of light containing on the basis of the particle 
theory a very large number of photons.” 

The only difference between the above view and our 
own is that es are no longer the 
absolutely distinet and dissimilar entities, entirely unrelated 
to one another but are to be regarded as being essentially 
the same, one being only a constituent of the other. The 
establishment of this blood relationship between the two 
parties hitherto considered absolute strangers is regarded 
as а most satisfactory feature of the present theory, This 
relationship, it ix «uggested, may find another application 
in the theory of sound, in which the idea of '' sound 
particles ^" (phonons) has been introduced and generally 
recognised, though there are some lurking doubts about 
their ultimate reality, 

7. Here is, of course, a divergence from the accepted 
A e Anas iba enengy ot avery Баю of Neht EEan 
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Our contention is that the law applies only to the complete 

` photons but not to the partial photons. If this could be 
verified experimentally it would have been a crucial test. 
But the Quantum Mechonies postulates that it is impossible 
to make the particle and wave properties the subject of 
the some experiment. The energy and the frequency 
cannot be simultaneously d In our view, this 
postulate is ensily 
nre distinct. 














understandable, because the two entities 





8. It may be pointed out that the equation of the 
‚ partial photon offers a simple explanation of the finite 


breadth of the spectral lines. The expression 





A (sin k£—sin е = A f cos kẹ dk 
А 


embraces a continuous mnge of simple harmonie waves 
and is equivalent to Aék cos kè only approximately when 
k-k, is small and £ not too large, When £ is large, 
the expression tends to zero. 

Tt may be further observed that a train of simple 
harmonie waves has no natural beginning and no natural 
end. So if we conceive a particular atom radiating a 
photon in the form of a train of simple harmonie waves, 
we have to fix the number of oscillations artificially. For 
example, we may have to specify that the jump of an 
eloetron from one energy level to another in a hydrogen 
atom will emit à radiation of one million waves of a certain 














length. Otherwise an infinite train of waves, once started, 





will go on for ever. The expression (sin kê- sim К,@/ё 
/ solves the difficulty as it tends to zero in the limit when 


5 оо. 
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Again, if in the train of simple ha 
A dk cos kẹ posses 
amplitude is halved (only by halving Ak, A being a 
universal constant), the phase remains sensibly unaltered, 
hut the energy is also halved. This gives a complete mathe- 
matical picture of the process followed in producing inter- 
ference bands, where a beam of light is split up into two 
halves and made to recombine after one of them has been 
retarded. It is a satisfactory feature of the theory that 
it fite in exnetly with the technique of producing interference 
bands. It is usual to split up a beam with a half-silvered 
mirror. The two sections of the beam wh fall on the 
vely must, therefore, 








the 





mg energy proportional to 

















two portions of the mirror respe 
be regarded as parts of the sw à the same phase 
and not two distinet rays, And this di n is independent 
of the phase of the beam at the surface of separation, So, 
ns photon succeeds photon each behaves in the desired way 
without any difficulty about the phase, 

Another big point in favour of the theory ix that it does 
not violate the principle of energy when в beam divides in. 
the same medium untike the elastic solid theory and the 
Maxwell electromagnetic theory. 
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onie waves 








Сплрткк IV 
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1, Consider a train of electromagnetic waves of the type 
introduced in the last chapter Ё= А sin k£/£ and suppose 
it to be placed on a sphere in coils in the form of circles 
ng the entire surface, "The exact manner of coiling 
is not of importance, but for fixing 
the coil in the form of a loxodrome having an infinitely 
small angle of elevation fron 

ТА loxodrome o 














ir ideas, we concei 











the equal 
е whieh cuts the 





the sphere is a 


moridian planes at a constant angle whieh in the present 
onse is very nearly a ri 
be taki 





t angle. The coils may, therefore, 
з ак circles coinciding with the parallels of Latitude. ] 
king r, 0, ф for the usual sph linates, 
parallels of latitude, let us place the electric 
vector E in the direction of r and the magnetic vector H in 
the direction of # E has, therefore, the components, 
(En 0,0) at any point on the sphere and H the components 
(0, Hy, 0), 

We have to convert t 
spherical polar coordinates 
these coordinates, of a vector m, compon 


паб cM me 
si A дг» sin 0) 20а). 


tf Ste 8 rug sin 0}, 








al polar coo 














Maxwell equations to the 
The components of curl in 
MS up, thay Ug аге 
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Цан 97). = th 
(Love, р. 56.) 


The six Maxwell curl equations reduce to four, 


1 ӘЕ, 19H, _1 ӘН, 1 3E, (3) 

= оф ea’ = бр D oe 
19E, 9, 8H). 

rigare dy E о a (8) 


тә being the perpendicular on the axis=r sin Ө. 

lt is easily verified that E, = H, = (аф 00) satisty 
the equations along the coils (equations 2). Since the coils 
are distinct there is no continuity in the direction of r and & 
and the differential coefficients in these directions do not 
exist. 


The two divergence equations are, however, not 


satisfied. This is not entirely unexpected. For in the 
model of an electron, the effeet of the charge must new 


come in. 


2. It is proposed that all fundamental particles which 
Jave a charge + e are represented by photons 


E=A sin Ща et) (5 et). 





i 
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and establishes connection with de Broglio’s theory wh 
lays down that a particle of mass m possess 


ofa wa 





the character 
roup of frequency v where та? =й. А р a 
therefore, differs from a photon only in the form of the 
electromagnetic wave. The former is a compact formation 
wh ‚ extending to infinity on both 











The following quoi 
an interesting pi 





з from Jeans (I, p. 54) gives 
re of the theory of 
which hus a bearing on the present 
pictured. an electrified particle as an octopus 
a small concrete body which threw out a sort of feelers or 
tentacles, called Jines of force, throughout the whole of 
space. When two electritied part ttracted or 
one another, it was because these tentacles had somehow 
or other taken hold of o v, and pushed or pulled. 
‘These tentacles were supposed to be formed out of electric 
and magnetic forces, of which radiation is also formed. 
When an electron emitted radiation it merely discharged 
some of its tentacles into space, much as a porcupine is 
xaid to throw out its quills.’ Modern Physics regurds the 
shedded quills as part of the concrete body, for matter and 
energy are the same and the deviation of light by matter is a 
proved fact. 5 















^ апо! 











3. The present theory solves at once the problem of 
solar, energy, Annihilation of matter and transformation 


_ into energy cease to be mystic phenomena and are to be 


regarded as only a change in form. In the intense heat 
“in the interior of the sun, protons and electrons are being 
‘transformed into radiation. It may be surmised that the 
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short wave radiations are as the usual reflected. back 
while the longer waves are transmitted in the form of light 
und heat. The shorter waves which ore deadly to life find 
another barrier at the outer atmosphere of the e 
mokes life possible. Some of the shorter rm 
suggested, filter through and form the cosmic rays. These 
in crossing two barriers have lost their sense of direction 
and are merely floating away nt random in space. This is 
‘ono of the unexplained peculiar features of these rays. 





th, which 
ions, it is 











Tt may also be tentatively suggested that the variations 
in the brilliance of the cepheid variables may be due to 
some unstable conditions owing to the imprisoned short 
wave radiations, These would exert a pressure on the outer 
layers in trying to excape, while they are held back by 
gravitation and turned back by reflection, It ік probable 
that the variables are suns which have not reached the 
steady state. By the + the current view of the period 
of the cepheid varinbles being related to their distancas 
from the earth seems to a layman to be reminiscent of the 
Ptolemic idea of the earth being the centre of the universe 
and man the lord of creation! 


















‘This model also explains Thomson's experiment on the 
diffraction of electron waves. Tt does not seem to be - 
definitely known whether these have finite impulse and 
energy. This problem does not arise if the Einstein relation 
be accepted, for then every electromagnetice wayo of 
frequency v possesses finite energy and impulse. But it 
does on the present theory. If the energy be finite, the 
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be iufinitesimal, the electron must be supposed to have 
shed a simple harmonie wave A dk cos k(x — ct) which gives 
the diffraction effect. 

4. One of the early triumphs of the Quantum Theory 
was Bohr's theory of the hydrogen spectrum. It can be 
shown that the concept of the s not essential, 

Bohr envisages a number of energy levels, for the 
electron in a hydrogen atom for instance and the passage 
from a higher to a lower level is attended with the emission 
of energy ТУ, Wu = less where Yan 18 the frequency of 
the emitted wave. y А 

Taking the simplest model of a hydrogen atom, the 
electron moving in » circular orbit, we have the following - 
formulae :— 








mass ни, mra 


ГЕ 
| we 12) 


2r _ тә 
ы emet 


d the frequeney of the electron in 





its orbit is 1,7. 
(Sommerfeld, p. 706.) 





we m gives for different integral values of n 
7 


nergy levels. Substitution in the Bohr formula lends 
t once to the Balmer formula 









58 LIGHT AND MATTER 


armer 


where N is the wave number and R= 252 


7 Хуе retain the energy levels with Bohrs fundamental 
assumption that no energy is radiated when the electron 
is revolving at that level contrary to the conclusion of the 
old classical theory that energy is always radiated when the 
motion is accelerated. In the matter of passage from one 
level to another we regard initially » in the above formulae 
(1—3) as а number, not as yet an integral quantum number, 
We introduce the concept of ап affective frequency 





"ys djs du, wsere m and n in the limits аге integral 


quantum numbers. So we have | 
аа бате PP Eu 
fe xs 


giving the wave number X = Es 





This is Balmer's formula, MA 

The idea of effective frequeney is new and js justified. 
on the ground that it removes the logical contradiction of 
the more straightforward Bobr formula. It ‘becomes the 
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Relativity theory with the frequency of the electron. On 
Bohr's theory Einstein's derivation of the red shift 
has no meaning. ‘The energy of the waves emitted belong 
to the class of partial photons of ei 
the ener 
num 





ergy hiv and the fall of 





el to another, is made up by the 
itted. 








If this thesis be a becomes a 
handy rule of thumb 


without its illogic 


‚ Bohr's for 
determining t 








queney 









eetron, we have to 


rmal induetion is da 





To find the charge 
apply Gauss theorem that the total n. 


times the chur 
= j Nd 


he normal induction N is equal to the electric intensity 
ity 














regarded as surface dei 








ils of our model by thin strips of 
tire spherical surface, 
width of 
jð and the 


Replace the « 


breadth д, so as to cover the e 








We spread out the electrie forse Æ, over th 
thus 








the strip, The normal indu 
tary area Ads. We have, there 





elen 


ае = [xas = f E м af sin Mec ay = nA, 


This gives the value 4 4=2,8% 10% for the electronic. 
charge against the experimental figure 4 ^ Bx 10°" а. We 
can thus get a definite value for p. But the main Interest 
of the result lies in the fact that the figure is a constant 
‘and independent of X, which determines the mass of 
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the particle. An electron and a positron must have the 
same charge, positive or negative. And so must have the 
proton and the various mesons. 

lf again, we have a partial photon of the form 
A(sin k£—sin k'£)/£ the charge would be zero. Neutrons, 
neutrinos and the recently discovered antineutrons all come 
under this category 

Moreover, Gauss’ theorem is a direct consequence of 
the inverse square Jaw, It is obvious that this model of 
an electrically charged particle would behave ax if it was 
exerting a force varying as the inverse square of the 
distance. The charge is thus a derived property of matter 
and is not conserved in the same manner ns mass or energy. 
If a photon coil becomes uncoiled, the charge automatically 
disappears. Why photons of certain wave lengths have 
the tendency to form coils we have no iden. But it can be 
shown from general considerations thet if a charged 
particle be stable, the corresponding particle of opposite 
sign must be unstable. If V be the potential energy of 
the former, — V will be the potential energy of the Intter. 
For stability, the first differentiol coefficient of V with 
respect to the independent variable, whatever it may be, 
must be zero and the second derivative negative, This 
would make the second derivative of the potential energy 
of the second particle positive, making it unstable. 
^0 € It would be of interest to recall here Dirao’s theory. 
‘of the positron (Dirse, p. 270). It is intimately connected 
with the idea of negative energy states which arise from 
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where p is the momentum. ‘Thus far 

sign of E may be either positive or negu 
"Th 

states give rise to serious diffie 

such an electron duo to an ex 


v value of p, the 
e 








existence and properties of these negative energy 
ties, The aceeleration of 
1 force is in the opposite 
direction of the force. ‘Thus an electron in negative energy 
states would repel uld itself 
be accelerated towards the electron in the positive energy 
state, The principle of action and reaction would not be 
e valid. 














ry electron but wi 





“Tn the classical th however, difficulty arise 
because one i define energy to be the positive square 
root; and then it does not change with time. This 
not possible in the Quantum Theory. . 2. The latter 
(the negative energy states) cannot be exeluded.”” 

Says Dirac (p. 271): " We not, however, simply 
assert that the negative energy soluti represent the 
positrons, as this would make the dynamical relations all 
wrong. For instance, it is certainly not true that a positron 
„has negative kinetic energy. We must, therefore, establish 
the theory on a somewhat different footing. We assume 

that all the negative energy states are occupied, with one 
electron in each state in accordance with the exclusion 
principle of Pauli. An unoccupied negative energy state 
will now appear us something with positive energy... 
We assume that these unoccupied negative energy states 
awe the positrons. 












































("These assumptions require there to be a distribution 
| electrons of infinite den everywhere in the world. 
perfect vacuum is а region where all the states of positive 
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energy are unogenpiel nnd all those of negative energy 
occupied. 
“In a perfect vacuum Maxwell’s equation 
divG=0 

must of course be valid. This menns that the infinite 
distribution of negative energy electrons does not contribute 
to the electric field. Only departures from the distribution 
in a vacuum will contribute to the electric density p in 
Maxwell's equation 








div = 4-р." 
7. The hole theory of the position is open to the 
objection that it upsets the entire electromagnetic field. 
Dirae's assumption of ealoulating the electric field by its 
excess over the field of electrons in all the negative energy 
statas satisfies the linear Maxwell equations no doubt, But 
there are other relations which are not linear, e.g., the 
energy distribution of the field. It is not possible to keep 
the initial field of electrons in all the negative energy states 
entirely out of the picture. 


The difficulties of the theory have been further 
explained by Heitler as follows (p. 101):— 
‘The definition of the negative energy states depends 
upon the electro-magnetic field... .. . И we consider an 
electro-magnetic field, for instance, the Coulomb field of. 
hydrogen nucleus, the negative energy states are not the 
x as for a free electron. 
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states of the free electron are filled up, some of the negative 
* unoccupied, 
ll be occupied. 
the Coulomb field switched 
number of electron pairs would 
ns that the vacuum could be 
gnetie field. 





energy states of the hydrogen atom wil 





while some of the positive energy states 
If, for a moment, we imag 
‘on adiabatically, a certa 
thus be created, which n 
polarised by an electre 














"Also the idea of an etromagnetie. field in vacuo 
has to be abandoned. Even if no particles nre present, an 
electro-magnetic field can give rise to the creation of pairs. 
Since, however, for this purpose a minimum energy 2me? is 
required, pairs can only be created if in the Fourier 
expansion of the field, frequencies higher than 2mc*/N, 
lengths smaller t A,/2 occur, If this is the 
соко, а pure field in vacuo no longer exists. 


















or wav 





“That a decisive change must oceur in the laws of 

ordinary eleotro-dy at also from the following 

ion: ‘The creation of pairs in intermedinte states 

gives rise to some processes which are impossible in 

principle according to ordinary electro-dynamies." For 
further details reference may be mado to the treatise 

8. We may also make a rough calculation of the size 
of the electron from the known val of the angular 
momentum 7/27 (~ mea). 

We get radius a=2x 10°". ‘The value obtained. on 
the classical theory of the mass being entirely due to moving 
eleetrieal charges is 2 х 10-7. The hypothesis has, how- 
ever, long been discarded. It may be observed here that 
with a mechanical model, the classical figure for the radius 
of the electron would make the velocity at the periphery 
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greater than the velocity of light—a contingeney unthinkable 
to a relutivist. It will have to be remembered that the 
electrons are no longer of the billiard ball type, so a certain 
amount of penetration of one particle by another is not 
ruled out. But the main point is that the problem of 
infinite energy resolves itself. ‘There is no longer a point 
singularity at the centre, 

9, One of the basic conclusions of the Relativity 

theory is that the mass of a moving particle, velocity o, is 
by m,/(L~o%/e%)# where m, is the rest-mass. 
No theory of the structure of an electron has had 
anything to say on this problem. ‘The linear wave packet 
theory of Schrödinger gives, as we have seen in Chapter HT, 
an entirely wrong expression, To explain the apparent 
change of mass due to motion relative. to an observer, we 
recall the formula for the transverse Doppler effect. 
Consider a photon given by the expression 


A sin k(y' — et)/(y' — ct), 
the origin 0° of the dashed co-ordinates having a velocity w 
in the direction of the z-axis. The Lorentz transformation 


is 





a'meü(z-et, yey. v=, Capt- orj) 
Then the trigonometrical factor which gives the aig м 
frequeney becomes 


sin ly —oßlt -wx/eN)} = sin kly t Bez/e—eBt), 
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Consi 





an electron 





wing with velocity v 
relative to the observer at O with its axis perpendicular 
to the direction of v. m, is the mass and v the frequeney 
of the electron: ave to an observer stationed on 
electron so that m,c*=hv. Take а сой with its plane 
parallel to the direction of к. At the extremities of the 
transverse diameter, the Doppler effect is longitudinal and 
the apparent frequencies 





gnetie 

















v (E870) v/e) and vy (Fee) ee). 


The mean frequency is, therefore, 








Аё %һе ends of the longitudinal diameter, the Doppler 
effect is transverse and the apparent frequency is again 
väil = etje), At an intermediate point A on the coil, 
both the effects are simultancously present and ure comple- 
mentary. Tf a be the angle which the radius to A makes 
with the direction of v, е can be repla by its two 
components, v cos along the tangent and в sin а along 
the radius. The former produces the Doppler effect 








vy (1—v сов a /o)/(L+e cos a/c) on the frequency. И we 
consider simultaneously the diametrically opposite point В 
on the вой, the corresponding Doppler effect there is 


aye). 








vy (Ev cos ө/с), 
The mean of these two is 
v/ (1 — v* cos! 2/02). 


‘Pho radial component of velocity gives the Doppler effect 


vjl =e” sin? а/с), 
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The total effect is an apparent change of frequency 
from v to v/(1—r*/e*)! correct to the square of v/o and 


the mass from m to m/(1—0?/ 
approximation. 

Consider in the second place an electron moving in 
the direction of the axis. The plane of the coils is perpendi- 
cular to v, and at every point of the coil, the Doppler effect 
is transverse, The frequency, therefore, changes from 
v lo v/(1— v*/c*)), and the mass from m to m/(1—v*/c*), 
Combining these two cases we get the usual formula for 
the apparent change of mass due to motion relative to any 


7j to the same order of 











observer. 

10. "The last property of matter we shall deal with is 
gravitation. There is no theory extant which seeks to 
explain it. What is suggested here must be taken very 
tentatively. 





It ix well known that gravitation as a force is very 
much weaker than the Coulomb force. Between two 
electrons, the latter is (4.1079) 223 х 10° at n 
distance of 1 em. ‘The force of gravitation if there is one 
between them is 6x 10-* х 81 х 107 4.8 x 107* at the 
same distance. It will be recalled that in a picture of 
the struoture of matter, protons of mass 1840 times that 
of electrons form the major constituent of the nucleus 
where the greater part of the mass is concentrated, About 
ee same number of electrons are arranged in shells nt 

different distances from the nucleus. 





"These shells of electrons form a sort of cloud soreon, 


Sash ph на ‘Through these brenks come out 
the: of Ss tur dev “in number 
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they do. The effect of these come out as pulls at and 
above a certain distance, but at shorter distances the 
repulsion of the electrons of the outer shells of two neigh- 
bouring atoms is predominant. Gravitation may thus be 
rogurded as the bulk effect of these straggling lines of force. 
A certain amount of penetration of one atom by another at 
the outer periphery is not ruled out. 
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SUMMARY AND CONCLUSIONS 


1. Starting from the Maxwell equations in free space, it 
has been proved that a linear wave along the x-axis which 
presents the Doppler effect and is consistent with the 
Relativity Theory must have an equation of the form 


By = H,7 A sin h(x ~et)/(x~et) 





where A is a universal constant, the other components of 
the electrie and magnetic vectors being zero. To ensure 
the unique nature of the path of the beam these forces are 
restricted to act at points on the path of the beam itself 
and the wave packet is identified with a photon, This 
represents a train of waves of length 27/k of diminishing 
amplitudes extending in either direction to infinity (where 
the amplitude vanishes) with a hump in the middle. It 
may also be regarded as а bundle of simple harmonic waves. 
of all frequencies ranging from 0 to Деу Әх. The energy 
is given by a line integral and is found to equal hy and the 
impulse hy/e on the assumption of the existence of а limit. 
It is emphasised that the Einstein relation W = йу must be 
togurded as an over-generalisation, 

It is then verified that a photon сап be split up into 
^ photon of less ке a (ЧАЛЫ ДЫ 
S A ein Me =et)—sin kiire lo ety 

v latter reduces. 
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ct not too large. The energy is also proportional to ôk. 
This explains the breadth of the spectral lines and the 
ultimate natural fading out of light. Further if the 
amplitude of the harmonie wave be halved the energy is 
| also halved, This corresponds exactly to the method 
followed in producing interference bands. The current 
controversy between the wave and particle nature of light 
is, therefore, settled. An electron is conceived as a photon 
in the form of coils along the parallel of latitude on а 
| sphere. "This agrees with the de Broglie theory and gives 
icular the electron waves. By applying the Gauss 
the charge is found to be a constant. The 
inverse square law follows as a consequence and the problem 
of infinite energy resolves itself. This charge is indepen- 
dent of the mass of the particle. Lorentz transformation 
lends to the formula for the apparent change of mass with 
velocity, 

































2. Tt must be emphasised that the method is deductive 
and unless the premises are disputed, the conclusion 
cannot be denied. Since the Maxwell equations and the 
are universally acknowledged foundations 
e form of the equations of the photons 
“must be admitted; ists are prepared 
“46 discard Aristotle's logie just as Galileo disproved 
ristotle’s physics. The question then becomes one of 
this in the scheme of experimental results. A 
picture of a photon is given which Tends on certain 
to Planck’s Law but the picture is not of 
What is essential is that the energy 
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the length of the beam. The expression for the impulse 
easily follows. 

It may be worth while here to note Jeans’ warning 
that * the attempt to regard the flow of energy as a concrete 
stream always defeats itself... . . ‚ The concept of energy 
flowing about through space is useful as a picture, but 
leads to absurdities and contra us if we treat asa 
reality. Professor Poynting gave a well-known formula 
whieh tells us how energy may be pictured as flowing in a 
certain way, but the picture is far too artificial to be treated 
ах а reality... .... The mathematician brings the whole 
problem back to reality by aic the flow of energy as a 
mere. mathematical abstraction ” (I, pp. 108-109). 

‘The divisibility of the beam is then proved without 
doing violence to the energy principle. This brings us to 
the parting of ways with modern Physics based on the 
Einstein relation. Various arguments have been adduced 
to prove that it is an over-generalisation. The mathe- 
matical process follows step by step the experimental process 
of producing interference bands. 

While the above theory of the photon is based on the 
firmi foundation of Maxwell equations and the Relativity 














theory, the theory of electrons is, however, more tentative —— 


and we freely admit, rather naive, Its justifiention lies 
in the well-known facts of experiment which it explains. 
The main feature of the theory is the complete identification. 
of matter and energy and the bridge it throws o 
Tie amas veiut iip lis none 
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| here we have been brought face to face with the charge. 

Only the density of charge has no meaning in our theory 
"s It also be pointed ont that the 
two divergence equations of Maxwell are rather difficult 
to interpret when we leave the old classical standpoint 
of continuous distribution. The th 
resiteration of the Maxwell equation div 
equation is ve lost sight of und the charge treated 
as if it was а part of the fundamental concept of matter 
instead of being only a derived prope Moreover, all 
the fundamental particles, electrons, positrons, neutrons 
and protons are placed on the same footing, their dil 
masses being due to the different range of frequencies of 
waves in their composition. The different signs of the 
charges are explained by the opposite direction of the 
electric vector. Mesovs also fall in line with the scheme, 
possessing varying masses but possessing, as far as can be 
ascertained, the same clu If the theory is correct, pair 
production is not due to the conservation of the charge, 
Lut to the conservation of angular momentum. 


of diserete char 












is only a 
Only this 



































{ 3. Another interesting feature of the new theory is 
that the radiation from an electron when there is a transfer 
from one energy level to another, comes from the corpus 
of the electron itself. It will be recalled that the Bohr 
theory of the spectrum which runs right through the 

Quantum Mechanical theory of radiation is based on the 

fewtoninn conception of potential energy. But the 

elativity theory bas introduced а new conception of field 

f force. According to the latter, in free space, the distance 

veen two neighbouring points in the four dimensional 
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continuum of space and time is given by the equation 
ант = сз? dz рда? 

“dt? — de — ав — + sim Odo”, 

the signs on the right hand side being « matter of conven- 

tion. It quite permissible to take the time with the 


negative sign and the space coordinates with the positive. 
But if a particle of mass m is introduced at the origin, the 


metric is altered to 








dtm -(1 + Em) ar rd sin? өн e (1 2"). 


‘The space may be supposed to have been distorted by the 
introduction of the particle and the gravitational force is 
only the apparent consequence of this distortion. 
That the Relativity theory mixes up the potential and 
the kinetic energies can easily be seen from the following 
example: consider the mass of a particle at rest to an 
observer O. Tf this observer has а velocity e with reference 
to another observer O', the mass of the particle to the 
latter in energy units is m,c*/(1— e*/e*)! e myc? фт. 
"The second term represents the kinetic energy of classical 
mechanics which has been introduced by а change of position 
of the observer himself. 
In fact, the idea of a field of force as a vector field is, 
strictly speaking, foreign to the basic iden of the Relativity 
theory, but has to be used for progress and must be regarded 
an an approximation. The Relativity mathematics, сха 
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the same way as the problem of three bodies to the classical 
mathematician, 

The idea of radiations emanating from the corpus of 
the electron is, broadly speaking, more in conformity with 
the Relativity theory than Echr's idea based on the classical 
Newtonian potential. It presents again a more satis- 
factory means of сез 
neutrinos. 

A tentative explanation may be offered ће 








eyance of excess energy than F'ermi'« 


for the 
absorption of radio waves by matter. The power 
of absorption of radiation by ns, on the present 
ү, depends on the * of these electrons fc 
the special radiati umber of electrons are 
lacking in eeri will 
readily absorb radiations of that wave length. ‘Thus visible 
light is readily absorbed by all matter, while metals with a. 















in waves in their composition, the 





ctrons absorb radintions more fre 





large number of free 





than non-conductors, Radio waves cmn p 





walls because these radiations are usually not 
from the composition of the el ns and are thus 
transmitted without cho This property, therefore, 
depends not so much on the amount of energy of the 
radiations but on the “hunger” of the electrons for those 
|; radiations. 

Lastly, Lorentz transforms 
and transverse Doppler effects. Th 
our model of the electron, the Rela 
which has hitherto been regarded as a postulate. There 
ven attempts at an explanation. 
_ 4& Why photons of certain wave lengths should have 
“the tendeney to form coils, some stable others unstable, 


1077 В. 






















a gives (he longitudinal 
gives, on the basis of 
varintion of mass 
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we have no idea. The reason can only be unierstood when 
we have better insight into the interaction betwoen the 
different parts of the photon and a more complete picture 
of their struetures. There must be a number of knotty 
points whieh will have to be settled before the theory ean 
be regarded ая fully established, But if it can stand these 
tests, modern Physics will have boen brought down from 
the olowils to the base but solid earth, If simplicity be 
one of the tests of truth, we hope it will be agreed (dut 
our model of the fundamental particles has greater claim to 
recognition than the nebulous and intangible abstractionk of 
modern Physics. 











Voces 


Dirse. Р. A. M., The Principles of Quantum. Mechanice, Oxford, 198%, 
Wesnksl, W., Ware Mechanics, Riementary Theory, Oxfoed, 1932. 
Heiter, W., The Quantum Türory of Redistion, Омой, 1930. 
Jesus J. HL The Mysterious Unirceroe, Cambridge, 1980. 
Th The Mathemetwal Theory of Electricity and 
Magnetism, Cambridge, 1913. 
Кене, К, Cu. Fundamental Principes of Quoniam Mechanics, New 
York. 1857. 
Laub, H., Hydrulgnamica, Cambridge, 00, 
Зете, М. К. HL, Theory of Kientiesig, Cambridge, 1906. —— 
тшт lip tea Зинаны E 





